x Based on a lecture given at an International Symposium on Organic,
INTRODUCTION
It has long been a feature of the organometal1ic chemistry of the heavier main group 4 elements that stable compounds obey the octet rule.
Accordingly, several years ago we initiated a programme targeted at the heavy main group 4 congeners of carbenes and hydrocarbyl radicals which may be regarded as 6-and 7-electron molecules, respectively. A further goal that we set ourselves was to attempt to make compounds of these elements in which there was ρ τ _ρ τ >M=M< bonding. Advances in all these three areas have been made, 2 but in this paper we are only concerned with the neutral 6-electron molecules.
We have previously reported a large number of monomeric germanium (11) , tin(II), and lead(II) compounds of formula MX2 in which the ligand X~ was monohapto. A list of those for which molecular structural data (up to 1992; for later results, see Tables 3, 6 , and 7) are available is shown in Table 1 with appropriate references.^-H it will be noted that invariably the ligand X~ was bulky and free from /3-hydrogen atoms. The reason for this was that our underlying strategy was to assume that monomeric MX2 molecules are capable of being kinetically stable, provided that normal decomposition pathways of such molecules are energetically inaccessible.
Two such pathways, in particular, were considered: the first an associative process, and the second an intramolecular (3-elimination; these considerations affected our choice of ligand X~ (see Table 1 ).
Each of the compounds MX2 listed in Table 1 was shown to be mononuclear in the crystalline state with the exception of M(CHR2)2 (R = SiMeß), which was a metal-metal bonded dimer (R2CH) 2 M=M(CHR2)2· 12 ·
13
The latter, however, readily dissociates into the monomer, either in dilute hydrocarbon solution 2 ·^ or in the gaseous state. 3 The dimeric crystalline molecules M2(CHR2)4 were the first dimetallenes of heavier main group elements to be described (originally in 1973 12 and 1976 37 ; full details in 1986 13 ).
[Later studies led to disilenes, diphospenes, and diarsenes; for reviews, see refs. 38 and 39.] They are pyramidal at M, with a stereochemically active lone pair of electrons and a trans-bent geometry, A. Bonding has been described in various publications.^3·
3^
-Μ -Μ-184 A Table 1 Heavier group 14 element(I I) carbene analogues, the germylenes, stannylenes and plumbylenes: some structural data a (see also Selected X-ray data on the two heteroleptic compound are listed in A heteroleptic Sn(II) complex SnXX' is of interest because in principle the reaction with an addendum AB (A ^ Β ^ X f X') generates an Sn-chiral complex Sn(A)(B)(X)X'. In the case of AB being optically active, there is the possibility of achieving for the first time an asymmetric synthesis at an Sn(IV) centre with groups bulky enough to make it likely that the adduct would be stereochemically rigid and hence kinetically inert. The ll^Sn nmr chemical shift data for 1 and 2 are summarised in Table   2 , together with similar information on the adducts 3-5 (and the three homoleptic Sn(II) compounds). however, since the /3-carbon atoms remain equivalent ( 13 C NMR spect ra), restricted rotation about the Sn-NR'2 bond in the Sn(IV) adducts may be the more likely explanation.^ However, apart from the work cited above,^ they have been prepared from tetravalent starting materials, e.g., from MX2CI2 + 2Na2E.
We now report their synthesis from divalent precursors by oxidative addition reactions using the element E, eq. (1).1^,30
Figure 4
The X-ray structure of Such compounds were also examined by variable temperature multinuclear NMR spectroscopy, from which it was established that as Figure 5 The X-ray structure of Scheme 2 Proposed reaction pathway to the trinuclear tin compound 13 Table 6 Selected structural parameters for the amides M(NR2)2 and
Ref.
Ce (NR2) 
a X-ray diffraction. ''Gas electron diffraction.
The binuclear tin product 14 has an additional unusual feature in that the bridging ligand Me2NCH2CH2NMe2 is more generally found to function in a chelating mode. The X-ray structures of 14 and 15 have been The X-ray structures of 16 and Ge(NR2)2 ^ have been carried out. 7 Some comparative structural data for these and other main group 4 metal amides are summarised in Table 6 . As expected, there is a trend towards increasing metal-nitrogen bond lengths in the amides of the heavier metals (Ge < Sn < Pb), both in the solid and vapour phase. The same is now shown to be true for Ge(NR2>2;^ the difference is ca. 6° for Ge, compared with ca. 8.5° for Sn,5 and ca. 12.5° for Pb. We attribute this trend to conformational effects. In the gas, the conformations are determined so as to minimise intramolecular steric repulsion between the two amido ligands; while in the crystal, changes in conformation are due to the necessity to relieve not only intra-but also intermolecular interligand contacts.
Monomeric

Metal(I I) Aryloxides
The synthesis of monomeric bivalent germanium, tin, and lead 2,6-di-t-butylphenoxides were reported in 1980; NMR spectral data details were also supplied, but X-ray results were available only for the germanium and tin compounds.^ Data are now provided also for the lead compound and for SnCCK^I^But 3-2,4 ,6) 2 . 41 Comparative crystallographic results for the four aryloxides are listed in Table 7 . It will be noticed that the O-M-O angle decreases in the sequence Ge > Sn > Pb, the M-0 bond length increasing in the reverse order. X-Ray data are available on 17 19 and 18 (Fig. 8) , 45 the products of reaction with 1,2-dicarbethoxyethyne and diethyl bromomalonate, respectively.
Variable tempeature NMR spectral studies of 18 in toluene-dg showed that at the low temperature limit (-90°C), the solid state conformation 
4^
The germylene Ce(NR2)2 has been shown to react with a cyclic a,/3-unsaturated ketone in the presence of a trace of a nucleophile such as L1NR2 as catalyst to yield a poly(germanium enolate),
-fCe(NR 2 ) 2 CH(CH 2 ) m O(CH^CHyT n [51] .
